test protocol was proposed by the National Institute of Neurological Disorders and Stroke and Canadian Stroke Network, no studies have applied this neuropsychological protocol to poststroke survivors in a large-scale, multicenter stroke cohort. We determined the frequency of vascular cognitive impairment (VCI) and investigated the feasibility of using the Korean version of the VCIHS neuropsychological protocol in a multicenter, hospital-based stroke cohort in Korea. Methods-We prospectively enrolled 620 subjects with ischemic stroke within 7 days of symptom onset among 899 patients who were consecutively admitted to 12 university hospitals in Korea. Neuropsychological assessments using the 60-minute Korean VCIHS neuropsychological protocol were administered at 3 months after stroke. Results-Of the 620 patients, 506 were followed up at 3 months after stroke. Of these, 353 (69.8%) were evaluated for cognitive function using the 60-minute Korean VCIHS neuropsychological protocol. The frequency of VCI at 3 months was 62.6%: VCI with no dementia in 49.9% and vascular dementia in 12.7%. Old age (P=0.014), poor functional outcomes at 3 months (P=0.029), and stroke subtypes other than small vessel disease (P=0.004) were independent risk factors of VCI. Conclusions-VCI, evaluated using the Korean VCIHS neuropsychological protocol, is substantial at 3 months after ischemic stroke in Korea. The use of the 60-minute Korean VCIHS neuropsychological protocol was feasible in largescale multicenter studies. 
S
everal studies have elucidated the frequency and characteristics of cognitive dysfunction in stroke patient cohorts. However, most studies of poststroke cognitive impairment have focused on dementia. [1] [2] [3] [4] In 2006, the National Institute of Neurological Disorders and Stroke and Canadian Stroke Network proposed the Vascular Cognitive Impairment Harmonization Standards (VCIHS), which could be used to evaluate cognitive dysfunction in potential patients with vascular cognitive impairment (VCI) in multicenter studies. 5, 6 However, no study has applied this neuropsychological test protocol to poststroke survivors in a large-scale, multicenter stroke cohort. The purpose of this study was to determine the frequency of VCI and to investigate the usefulness of the Korean version of the VCIHS neuropsychological (K-VCIHS-NP) protocol in a multicenter, hospital-based stroke cohort study in Korea.
Methods
From October 2007 to August 2008, we screened 899 ischemic stroke patients among who consecutively enrolled to the hospital-based stroke registers of 12 university hospitals in South Korea. 7 The ischemic stroke was confirmed by magnetic resonance imaging within 7 days of symptom onset.
Of these patients, a total of 620 were enrolled within 2 weeks after stroke for baseline evaluations. At 3 months after stroke, 506 patients underwent a follow-up evaluation, and 353 patients completed the 60-minute K-VCIHS-NP protocol proposed by the National Institute of Neurological Disorders and Stroke and Canadian Stroke Network (Figure) . Korean Mini-Mental Status Examination for evaluating global cognitive dysfunctions and the Informant Questionnaire of Cognitive Decline in the Elderly (IQCODE) for the premorbid history of cognitive dysfunctions were also included. The tests and scales that compose the K-VCIHS-NP protocol were validated and standardized for Korean subjects (online-only Data Supplement Table I) .
Dementia was diagnosed with reference to Diagnostic and Statistical Manual of Mental Disorders, 4th Edition, criteria based on cognitive functions that were categorized as impaired when a score was below the 10th percentile for an individual domain and social functioning status as assessed by the Instrumental Activities of Daily Living scale. Patients were classified as having vascular dementia (VaD), VCI with no dementia, and normal cognition. The detailed methodology is described in the online-only Data Supplement.
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Results
Of 620 patients enrolled in baseline evaluation, 267 missed the cognitive assessment follow-up at 3 months, as depicted in the Figure. Patients who were lost to follow-up were older, less educated women, and had more hypertension, previous stroke, severe stroke symptoms when admitted, and worse prestroke functional and cognitive status (online-only Data Supplement Table II ).
The number of subjects with VCI at 3 months after stroke was 221 (62.6%) of the 353 poststroke survivors who completed the K-VCIHS-NP protocol; VCI with no dementia was apparent in 176 (49.9%), and VaD was apparent in 45 (12.7%). As defined by the Korean Mini-Mental Status Examination scores, the frequencies of VCI with no dementia and VaD were 9.9% (35/353) and 16.4% (58/353), consecutively. The proportion of patients with recurrent stroke who experienced VaD was twice that of first-ever stroke patients (21.5% vs 10.8%; Table) . The frequency of prestroke cognitive decline evaluated using Korean-IQCODE at the time of admission was 7.2% (25/346) among patients who completed the 3-month follow-up. The frequency of VaD among patients who had experienced prestroke cognitive decline was 40% (10 of 25), which was ≈4-times higher than the frequency among patients who did not have prestroke cognitive decline (10.3%; 33/321). Old age (P=0.014), poor functional outcomes at 3 months poststroke (P=0.029), and stroke subtypes other than small vessel disease (P=0.004) were independent risk factors of VCI (Online Table III ).
Discussion
To the best of our knowledge, this is the first large-scale, multicenter study to evaluate the frequency of VCI using the 60-minute K-VCIHS-NP protocol proposed by the National Institute of Neurological Disorders and Stroke and Canadian Stroke Network.
A substantial percentage of patients in the prospective acute stroke cohort were unable to undergo cognitive assessment because of death, worsening of neurological or medical conditions, or failure to follow-up. In this study, of the 506 patients who were followed-up at 3 months after stroke, 353 patients (69.8%) were evaluated using the K-VCIHS-NP protocol ( Figure) . This coverage rate of cognitive assessment was slightly lower than the rates from previous studies, which were reported to be 74.0% to 76.5%. 3, 4, 8 However, the previous cohort studies were not conducted in a multicenter setting, and they applied individual neuropsychological tests, such as the IQCODE or the Mini-Mental Status Examination. 2, [5] [6] [7] A higher frequency of VCI at 3 months (62.6% in poststroke survivors) was observed in this study. When the poststroke cognitive impairments were defined using the Mini-Mental Status Examination, the frequency of VCI was 37.1% (161/434) in a previous cohort study in China 8 and 26.4% (93/353) in this study. In another study, ≤55% of the patients showed abnormalities in ≥1 cognitive domain in a complementary neuropsychological battery. 9 This disparity might be explained by the differences in study setting and in the extensiveness of the neuropsychological protocols used. 2 In this study, of the 346 patients who completed the K-IQCODE at the time of admission, only 25 (7.2%) had 
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experienced cognitive dysfunctions before stroke. Because prestroke cognitive decline had to be retrospectively evaluated using the K-IQCODE in this hospital-based study setting, the prevalence of prestroke dementia could be underestimated. However, the progression of patients from prestroke cognitive decline to VaD observed in this study was similar to that of a previous cohort study. 3 In conclusion, the 60-minute K-VCIHS-NP protocol might be useful for evaluating cognitive impairments in poststroke survivors in multicenter cohort studies. subtypes, the severity of neurological symptoms, and functional status, were evaluated within 2 weeks after stroke onset during baseline evaluation. Of the 620 patients, 506
SUPPLEMENTAL MATERIAL
were followed up at 3 months after stroke onset, and 353 of them underwent comprehensive cognitive evaluations. This study was approved by the Institutional Review Board of each participating hospital, and all subjects provided written informed consent.
Evaluation of cognitive functions
Three months after stroke, the patients' cognitive functions were assessed using the (Table S1 ).
60-minute
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Diagnosis of dementia and cognitive impairment Patients were classified as having vascular dementia (VaD), vascular cognitive impairment with no dementia (VCIND), and normal cognition. VaD was defined as dementia in post-stroke survivors without regard to pre-stroke cognitive status, and VCIND was defined as cognitive impairment after stroke that does not meet the dementia criteria of DSM-IV. We also compared the rates of VCIND and VaD defined by the K-VCIHS-NP protocol with the rates determined using more established neuropsychological instruments, K-MMSE scores. The subjects had a score below the 2 nd percentile of the K-MMSE score of the norm group were defined as VaD, and between the 2 nd and 10 th percentile were VCIND. 7, [14] [15] [16] [17] Statistical Analysis
The differences in demographics and clinical variables between study participants and patients who were excluded from the study were compared using the Chi-squared and the Mann-Whitney tests according to the characteristics of variables. The clinical determinants associated with VaD, VCIND, and normal cognition were assessed using logistic regression models, controlling for age, sex, level of education, various vascular risk factors, and other detailed clinical variables, including subtypes of ischemic stroke. A two-sided p-value of less than 0.05 was defined as statistically significant.
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